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Hydrogen Combustion Capabilities at NETL
Low and High Pressure Rigs, Diagnostics and CFD Modeling

B-6 MGN Campus SimValCombustor

ÅHigh pressure combustion and heat transfer

ÅPreheated air up to 2 lb/sec @ 800°F

ÅCombustor pressures up to 20 atm

ÅLaser diagnostics / High speed imaging

ÅGas sampling

ÅNatural Gas, LNG and Hydrogen 

up to 2 MW thermal output

Bluff Body Burner

~ 200 SLPM, H2/CH4/CO

Cooled RDE Testing
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Flashback in Bench -Scale Low Swirl Burner
LES with H2/CH 4 Fuel Blend

f=.45 f=.55 f=.60

Å 80% H2 / 20% CH4
Å 2-step global mechanismLES, 11M Cells

ÅStudying flashback in a Low Swirl Burner with 

hydrogen / methane fuel blends.

ÅDeveloping experimental data for model validation.

ÅElucidating underlying physics.

Flame Images: 80% H2 / 20% CH4

 

Swirler
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Pressure Gain Combustion ðRotating Detonation Engine
(collaboration with NASA and DoD)

CFD model of H2/Air RDE

Single wave combustion 
characteristics in an RDE.

PGC

Motivation
ÅOffers significant efficiency and COE 

benefit: Internal systems models 

suggest 4.9% increase in GT 

Efficiency (LHV) and 1.8% increase 

in Net Plant Efficiency (NGCC with 

H -Class RDE-GT Hybrid)

ÅAlternate and additive pathway to 

efficiency improvement

ÅCreates a new class of  machine 

reducing COE

Water Cooled RDE Experiment

(Ref 1)

RDE Combustor
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Ammonia Combustion

Flat Flame Burner

Black Body Source

Flat-flame burner

Blackbody source Imaging spectrometer

Imaging spectrometer for NH3/NOx in 1 -5 µm

1.6%

0

NO from 
OpenFOAM
simulation of 50/50 
H2/NH 3 flame ( �· =1)

Example 
model gas 

turbine 
combustor 

from past 
CH4/H 2 work 

at NETL

NH3/H2 flame in NETL PGH FCL

ÅAttractive hydrogen carrier due to high 
volumetric energy density, low storage 
pressures

ÅChallenge: low flammability, propensity 
for high NOx/low comb. efficiency
ÅKinetics differ greatly from HC (fuel-N)
ÅNew, optimized comb. strategies needed (ex. 

2-stage rich-lean)
ÅRequires improved fundamental 

understanding of  kinetics and 
detailed/accurate model validation data

ÅPlanned approach:
ÅFundamental characterization of  flames
ÅStability enhancement via partial reforming 

NH3 to H2
ÅModeling/CFD- NETL and Argonne 

National Lab


